Unlike the parent phases of the iron-arsenide high T c superconductors, undoped FeSe is not magnetically ordered and exhibits superconductivity with T c ∼ 9 K. Equally surprising is the fact that applied pressure dramatically enhances the modest T c to ∼ 37 K. We investigate the electronic properties of FeSe using 77 Se NMR to search for the key to the superconducting mechanism. We demonstrate that the electronic properties of FeSe are very similar to those of electron-doped FeAs superconductors, and that antiferromagnetic spin fluctuations are strongly enhanced near T c .
1
The discovery of new iron-arsenide (FeAs) high T c superconductors [1] has led to a frenzy of research over the last year [2] . The superconducting mechanism still remains enigmatic, but it has become clear that all FeAs superconductors share a salient feature; their undoped parent phase is magnetically ordered in a Spin Density Wave (SDW) state, and the superconducting phase emerges when electron or hole doping suppresses the SDW instability [2] . For example, both undoped LaFeAsO and BaFe 2 As 2 have a SDW ground state below 140 K [3, 4] , and the superconducting state in LaFeAsO 1−x F x (T c ∼ 28 K) [1] and BaFe 2−x Co x As 2 (T c ∼ 22 K) [5] requires 5 ∼ 8 % of electron-doping. Therefore one could speculate that residual spin fluctuations may be playing a key role in the superconducting mechanism. Alternatively, one could also argue that magnetism and superconductivity are competing against each other.
In view of the possible link or competition between magnetism and superconductivity in FeAs high T c superconductors, superconductivity in FeSe (T c ∼ 9 K) [6, 7] raises interesting questions, and provides important test ground for the ideas to account for high T c superconductivity in iron-based systems [8] . We note that the initial discovery identified α-FeSe 1−δ with large deficiency δ ∼ 0.12 as the superconducting phase [6] , which led to a misperception that electron doping by the Se deficiency destroys a SDW ground state and stabilizes superconductivity. However, as some of us have more recently shown, the apparently large δ is caused by oxygen contamination of the Fe ingredient [7] . The actual superconducting phase is the stoichiometric β-Fe 1.01±0.02 Se, or equivalently, β-FeSe 0.99±0.02 [7] , i.e. superconductivity in FeSe does not require electron doping. Furthermore, application of pressure on FeSe raises T c to as high as ∼37 K [9, 10, 11] Our NMR sample is β-Fe 1+δ Se with a nearly defect free composition of δ = 0.01±0.02 [7] .
For comparison, we also investigated a non-superconducting sample with δ = 0.03. From the transport, specific heat, and SQUID measurements, T c ∼ 9 K for β-Fe 1.01 Se, while the upper bound of T c is 0.4 K for β-Fe 1.03 Se [7] . Detailed structural studies based on x-ray and neutron diffraction measurements revealed no hint of impurity phases. While conducting NMR measurements at each pressure, we also carried out AC susceptibility measurements at 67.5 MHz using the NMR coil within the high pressure cell. As shown in Fig.1a and 1b, T c in zero applied magnetic field (B ext = 0) rises roughly linearly from ∼ 9 K in ambient pressure (P = 0 GPa) to ∼ 14 K (0.7 GPa), ∼ 16 K (1.4 GPa), and ∼ 22 K (2.2 GPa). We carried out most of the NMR measurements in B ext = 8.3 or 9 Tesla, which has very little effect on T c except in ambient pressure. We carried out 1/T 1 measurements by saturating the whole NMR line with comb pulses. We found that the recovery of nuclear magnetization can be fitted with single exponential very well. In P = 0 GPa, we used B ext = 1. very little temperature dependence. We also observed no distribution of 1/T 1 in the normal state unlike the case of "FeSe 0.92 ". These results assure us that our β-Fe 1.01 Se sample is homogeneous and nearly defect free. On the other hand, the NMR lineshape of β-Fe 1.03 Se is somewhat broader, and becomes more broad at low temperatures without changing the integrated intensity. This hints at the presence of defects, which may contribute to the suppression of T c .
Our results in Fig.2 show that the actual NMR peak frequency, f , is shifted from f o .
The shift, ∆f = f − f o , is temperature dependent. We plot the temperature dependence of the Knight shift K = ∆f /f o in Fig.3 How does χ spin vary with applied pressure P and the concentration x? Our results in Fig.3 show that K, hence χ spin , changes little between P = 0 GPa and 2.2 GPa. Moreover, the nonsuperconducting β-Fe 1.03 Se also exhibits nearly identical χ spin . The inevitable conclusion from these findings is that the physical parameters that control χ spin (e.g. the density of electronic states, Fe spin-spin exchange interaction J, etc.) may not have a direct link with the superconducting mechanism. Generally, as is well known for high T c cuprate superconductors [19] , the growth of antiferromagnetic short-range order could suppress χ spin with decreasing temperature. In view of the absence of strong P and x dependencies of χ spin in Fig.3 , it is tempting to conclude that such antiferromagnetic correlations, possibly caused by the nesting of Fermi surfaces [12] , may be irrelevant to superconductivity. However, note that χ spin is only a measure of the uniform q = 0 response by electron spins to a uniform perturbation B ext . Furthermore, complicated Fermi surface geometry is likely to lead to coexistence of various q modes of spin excitations in the iron-based superconductors [20] , hence χ spin is not necessarily the best probe of magnetic correlations. To explore the potential link between magnetism and the superconducting mechanism, one needs to measure the magnetic response of the non-zero wave-vector modes, q = 0.
In Fig.4 , we present the temperature dependence of 1/T 1 T ∝ q |A hf (q)| 2 χ"(q, f ), the nuclear spin-lattice relaxation rate 1/T 1 divided by temperature T . A hf (q) and χ"(q, f ) represent the wave vector q-dependent hyperfine form factor [21] and the imaginary part of the dynamical electron spin susceptibility at the NMR frequency f ∼ 67.5 MHz, respectively. superconductors exhibit analogous situation in the vicinity of the stripe phase and the hidden ordered phase, respectively [24, 25] . In passing, the inhomogneous electronic properties may be the underlying reason why the superconducting transition in 2.2 GPa becomes broad, as shown in Fig.1a . The results in Fig.2d show that the loss of NMR signal intensity may be also present in 0 and 0.7 GPa somewhat above T c . However, earlier µSR measurements didn't reveal any static magnetic order in a superconducting specimen of "FeSe 0.85 " [26] .
The rather abrupt loss of the NMR signal below T c at 0 and 0.7 GPa may merely be due to the Meissner effect, which limits the NMR intensity by shielding the R.F. pulses for NMR measurements.
To summarize, we have demonstrated that the electronic properties of the stoi- 
